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Abstract: Heat exchange characteristic of organic light emitting devices (OLED) 1is investigated
by adopting simplified thermal resistance model and one-dimensional steady state equation of heat
conduction. To improve the performance of OLED, new structure of OLED is designed and de-
veloped. The inner temperature distribution of OLED is presented and the formula is proposed by
considering the relationships of temperature rising with input power, heat exchange coefficients,
thicknesses and proportions of substrate and every organic layer film. The research reveals that
the inner temperature distribution in OLED is mainly influenced by heat exchange performances
of organic layers and substrate in the OLLED, and the highest temperature is gained in the light
layer AlQ; of OLED with 29 K higher than the environment temperature when the environment
temperature is 300 K and the power density is 1. 167 X10* W/m?. So it is benefit to select the or-
ganic materials with better thermophysical properties and keep perfect connection between the or-
ganic layer and electrode. The experiments verify the validity of the model with different thick-
ness of Al-cathode under the same input power.

Keywords: organic light emitting device; heat exchange; thermal resistance model; temperature

distribution

Wk HA . 2008-06-22.  fEF A BELE (1980 —) & AL BN (RR N B #UR LA S0, B40iH: #
Rk B AR E EE BH I (03151) 5 U7 ¥R F A W B H (107100).



Al

FRRE . 55 A L BUROL A B IS AR 5T 71

AHLHEIECASE(OLED) g4 & —F 3 T A VLA
AL L AL AR R OGS . Y H E i OLED #%
A G EE L A el R R N A R I —
OLED %8 {F By T R % & 4 10" ~10° W/m?, H
99 %6 LA L # a5 A R AR LA (AR 2R R TR
FEREAR) S s R AR 58 1 finss B i Ak
R A PR B a4 4. XF OLED g
P IAE R AT WA B T etk 28 14 i P .
SCHRL6 1% OLED #8 {4 ( BRaE 1T T 3 Fr . 45 H 2%
P4 AT B AR R AR S IR DA K
PAES A 300 VR F B D A A T TR R IR R T
OLED #8484 F R 505 KOG KR/ ING 56 &, SCHik
[7IEEMSE T OLED #3F pg #EL 2 AR 4l 4 A Th
RERURESEELME X RGO, 5T
OLED 2544 (1) g 12 F1) FH SR AR . K35 20 A D 5z
Ak ELA B T A R [R) %) 3R B R A A R I
BT S RO R K B g A TS BE K R T AR
BONPER RS RN, 25 3, I OLED
A ) FEEEARAIL R A8 AT Z ] i AR =
FHHBE ARG T AT IR

H A1 AL AR BB 57— R FH S 56 250408 19 40
J71k Lk OLED 85 14 #44% T REE M 5E X 4, oK
L SRR T L AR SCES &— 4R S A A
TR PL GO AR, S FSE T OLED #804F N3R 45 2
F AL PR HESAS H T OLED #8344 N 3B A0 1R
AR ER [ B3 A S 06 5 UE 1 S 4 AT B I A
AR,

1 OLED gefFry#ufE S8

RS P BRI AL AR S 3 Bl LIBE
MR OLED g i s te sl 1 .

N I B

1 Fomny] 1!
vl e e

o

- W — i —
1 OLED #8 sk

[T OLED 28 FAYS AT A 99% 1 1441k
A BT OLED 35 08 A RE R4 1
HORIGH AT LR .

BFFEAI OLED 285 P B0 A o B
AT IR I 84 OLED 28 P T L1

B ARG 22 J2 IR 92 BR U MR ' T R
(8 — S A 25 X TS — S AT LR AE AR F N
FR AT LA 47 T 3 W K- AL i 408 2 )2
JEE OLED g A o AR T R =
BRI WFSER W AR HOR T I 25 i B (& 1 v
HEL I/ 2 ) o 1) b A B -55 1) T B8 PR O RE AR A
S AT R A e R A . — RN B T A BT
BEAEA S 1 5 8 A B A [R] RAARAE 28 7AL f
EERICER S RAL s AR AR L ARSI
il £ T —FPHi ) OLED #84F Ho g by K4 A n
2 PR, 9 1T BAE o A AR A B R S
BT E AR AlQs JZ1E R OLED #3114 A #4
U IFH ZOBZ PRl B 808 71 5245 S

1
% J& B R(Al)

L, F 7 N\ Z(LiF)

T RIE(AIQ,)

2 Ak i J2(NPB)
FH #%(1TO)

| BRI

B2 ASCHE B OLED #8445+

T+ OLED 342 JE & S 200 nm LA F . IAl
Bk 9 mm’® [ 22 2 BREHERR N A A XS T OLED £%
A (R AR JEL R, 45 R S J2 35 ] L Sk TR K. BRI, AR
SCHE OLED g4 P38 0 4% $A 80 42 187 Ak R — 2 KO-
B 22 J2 AL e ) L, I Z 8% OLED #8844 N i &5
JZ T RN 3 P B R IR S, ST T TR AR A BB
LAY, N 3 s,

AlQ, T BEL

KAE ITOfZ
ql qZ

OLEDF M  AlR
EHAE  SRAM

OLEDZR [
X i #BH

LiFZ NPBJZ
S FHRAE

Bl 3 OLED #8424 A A B AR Y

B3 i qivq 435108 OLED &O6)2 AlQs 1
b R ) SRR AL, LR A TR BB R
JEZ. & 3 Al 0. OLED #84 % 62 i b % i, 4
FRBH o S HARH | TR B 55 F - A2 ABH H %
#. OLED g8 4F & G2 T F i —M, i1 T OLED
WK R o8 4 7 a5 B 0 LG, 7F 3% I L IS I A
OLED 8 578 35 i 2 17t 25 7= A X it SR BEL AN 4 555



72 WoE R

B

N Eitd ERRES

%

PEH L I OLED BH AR — 0] fit FhBH 52 5 99 1656 3% 22
FE55 BEAR AR 25 7 O a2 PBH 5 R B B Y G AR
it OLED #8780 #Gm % 5

U

A()LED
AP IO A R U D9 TARH s Aoven A A PR
JOEH.

HRYEIEH ik, Pufe Tl B rh v Q SR E

qg=q tq = (D)

ZATHXEERN
QAT _ AT _ AT _
R (A" (Ab)!
AT
(1—e)(Ae)! 2

AP0 VA SR D R R AR s e A IR 2 A 2R
s h MR IE I RTG 1/ AR /AR (1—¢) /Ae
3 Ry A AL Ao Y A BEL A 28 T 4 S5 AR
W LR R BT E] OLED #2844 — 4k KW BE &2
JE AL AL, n[4G
QIA()LEI) = (T — T/ UnChaAoen) " +
Lur CeupAouen) '+ (Aoweph) ' +
(1 —ea) (Aoepea) )
2 AoLep =

TAlenwn s Tsur
Ine Cexps Aoren) ™+ Lo CerroAou) ™ + R

D

3

L _ 1
R (Au;ﬁL

(1—¢,)

—1
Ave, )+

Ly 1 1 —egy
Ak AR AR

AP T AWBIR L ; Taow N AlQ JZ F 3R R
JEE s L A BAARRE L 5 e R e AR B 3 EA BRI L
N LiF JRIE R s kue oA LiF J2 8RB A 9 R
TN R B s e D i 1 BN 2 1T 20 255 Taicatonn 19
A1Q3 ET%@E%@IE; ZNPB\k,\IPB%J NPB EE@EE*H
FIERE lno ko N9 TTO JZHYREEZ AT RRLG A,
N FEIR RS 2 AR R B T A s e R Lo VA
O3 R IR B S S L AR R R T A
BAOL)Z PRI B R B0 1 S S i
A BE R A% DR T 3R A OLED £ 4800 e i i
JE. TR R A S B AR A I8 A KO )R
LR TRE AR B

TAlQup - TAleown

(

+

(5

(6)

WIS HEIR S 2 R By A A, . OLED g%
PR R ICTH AU Ao » L 2 AT, BERE LG A9 3%
TR AR A, 55 T Z A0 1)

Ag - Au +A()LED D)
ZEA (D) B ~2 (D), AT TS T « T Atqdown
a1 Fl q,.
7£ OLED g8t o B rh B FLIR RS
2 AL IR EE T, 5 TTO PHBAZ fil 8 43 1Y
LI Trroaown A2 AH R 09, 55 B 38 BRI 38 100 1) VL B2
Ty AR BE T, AT B 400 6, T B 5 R R K
OLED g4 59 H T 5 623 52 el 35 38 2 T Ut 1Y)
DS, Fir LIRS T /S R 38 5 YL B I A3 445 3.
T3h s BB R TR E Ta A e AR 3. R Z
—J& OLED ##4 09 FIA% i AR /N (9 mm®) , 1 B2
SN TG B I £ st /N Y0 LA IR R 5 D PR 2
4 VLIS 14) 2 THT A S A8 A I — PR I B ) S T
KAy 0. 20~1. 00 Fh I Bl A, T AL B Y
FSFRACA 0. 05, HURRE ELIEI A
Wt DLV R R AR Ty i Ta

T/\leown 7 TIT( )down

= (8
& Ineskres T+ Lirokrro !
lg 1 (1 7€g) —1 i
qZ(Agkg+Agh+ A, ) /((Auh+
(17€g) —1 Zg 1 (17€g) -1y —
Agg T (Agkg T Agh T Ageg )
Td 7 TIT()down
7@@7] (9
TAlQup _ TAI (10)

D Tkar U Lk !

EAIQ; JZNE bR R .1 AlQ, JZ25 NPB

JZ B L T Ak A AR bR D TR E T a1 R Bl AR T

] A & BAE T ). AR PR A AR I — 4k 2 T

PG S i 7 R DA K ALQ, T8 19 3 T 1% v 3
TAlQup 5 TAleown Eﬁ%#%ﬂfﬁ% ﬁ:

*T(x) Ul
- =0 (1D
dx* k nglagAoen
T - TAleown 5 T ‘ - T/\lQup ( 1 2)
=0 f:ZNQ
dT(x) _
de b =0 (13)

HJr 132 OLED geF A B A R I AlQs JZ
(8L E 20 PR B PO EE

2 S

BT BHEASCH) OLED 2844 0% #u% S LR A1
345 OLED g4 NS A UL B2 43 A o A SCICTH A 48
B — B 2544 1) OLED g4, Hgh 4 RSF Fids ko
Bk . ITO(160 nm)/NPB(40 nm)/AlQ; (60 nm)/
LiF(0. 5 nm) /Al(80 nm) , g5 & ALK 9 mm”.



Al

FRRE . 55 A L BUROL A B IS AR 5T 73

AT 7 mAGBITHER 15 V &4
T I OLED #8486 47 T 5258 A58, 2 A
AN, B R 1 3R T A A S A A TR T
5 T 22 15 KOARYESCHRLS TR 9 (i 4 L A 1 2
AR To i 300 K, T, Ry 315 KL 5@ A AL
MR AR EREY R 107 W/ (m « K, [
1 45 H B 3 W T 7 (R S48

A1 HESHPTE KSR

L/A 7X107°
U/v 15
Tw/K 300
Aovsp/m 9Xx107°¢
h/W e (m? « K)7! 2
€al 0.05
lrro/m 1.6X1077
krro/W e (m« K)™ 5
Inps/m 4X1078
fexps/W s (m + KO 1X107"
In/m 8107
T./K 315
A,/m? 1.41X107°
€g 0.9
ke/W e (me K)! 0.8
Ag/m? 1.419X1073
lg/m 7X10*
laq/m 6x10"°
Fag/W e (me K)7! 1X10°*
I /m 5X1071°
ey /W o (m« KO 4.01
ka/We (me K™ 237

MRAESR 1 S8 KA (D~ (13)
P52 Tage A1 Tagiown A 327.3 Ks i RN, g2
16675 10° W/m’ , JE (U155 T A D5 861 s T
PI%EF AlQy 2 1Y 2R T W BE s Trrow A 320. 63 K
Trroaow A 320. 6 K3 T, S 320.6 K; T, i 313. 3 K.
SERES R BN P b R A AR o) Y B IE
L 5 S PR I R R ) & AH 22 5. 6 Ko XNl
JE 25 02 T AR SR S5 2 A B I 2 B SR
(2R 2 53 Y. BRI A ALQ 2 N Y TRLEE
T(x) =—1.944 X 10%2* 4+ 1. 167 X 10°x + 327. 3

(14

A (14D AR B AR AlQs il (x

=laq/2) FLTHIR B R 329. 0 K, %6 B/ OLED %8

PFTELR RE T 2 B 0 B 50 T 38 47 B P90 ) e v i

JEZRES AlQ ERmREAMZE 1.75 K, 5§ T,

AHZE 8.4 K, Ui B I i 9 A e MERf 15 2] OLED

A RS A U A

RYETE AlQ, JZ N 57 1 AL bR &, e 15 %]
OLED g4 N FR AR 73 A th e, an &l 4 .

3301

328

v 326

3241

3221

320 1 1 1 J
-250 -150 -50 50 150
I/nm

B 4 OLED g4 438 0 35 5 43 A

Kl 4 75 7 OLED g#fF M 1TO 22| Al E iR
BN . —230~—70 nm > ITO #fE; —70~
—30nm >k NPB #fi; —30~30 nm Ky AlQ, TH;
30~30.5 nm & LiF #&; 30. 5~110.5 nm & Al
WL, FEAOCIX N s T AEAE IR 82 20 A 2 4
WStk . b Y B L 2 TR B R 1. 75 KL ZE R
(AL NPB 2o 51—l 5, 24010 . JF A
BT T 6.67 K. ALFAMS ITO PHA S 3 PEAR
B, LTS % T I L A ).

FH G AT S 7R 25 0 KA RS T, OLED #%
1 R A ML R IZ TN 3% B85 LS (9 A% A ME R L 25
i A2 VL 0 AT I 2 P 2. 78 OLED #3 sl ikaet
Firh, SRR RE BLAFRY AL BB AN ITO FHHL , 752804
PR A IR BEAR /N A0 5 A HLZ Bl A 50 T L )
X OLED #8493 EE 53 A 7= A 28 G dE B VR . 7E
PRARFE ol 251 T+ X 2 1 it TP R &% OLED
FE P R B A A 7 A R L AR SCIE a3 i AL B
AR JEE ) S, A ) £ 380 U B P AR A IR SE T
kg

3 45 &

AR SO FABE 73 Mk i — HERR S A AR AT B
&3 77 HE S OLED #8452 17 B B2 T+ 5 5 i
AN I KA DI RE R B A A T R 8 R B LW
2 BB K FR. FE4h 8 OLED 21 v 2 50 1
DL R AR T OLED #4515 K I A9 38 52 73 A1
R TET B ARSCRT T A il 00+ Al



74 WoE R

B

K

%

Eitd 5543 %

Y,
¥

BAHZ JEE B R ] 19 OLED 2844 . 7647 18] 4 iy A 3y %475
BT s AR A B L RS A 2 T L T LT AR ], 56
TE T BRSSP (00 1E B P A

F5E 2200 FET R E N 1. 16710 W/m” | 4h
FHRIE S 300 K i, OLED #3416 & )2 AlQs
AT 3RA doe re T R, e B LU PR R 29 K [F]
IR E T OLED 28 Pk s Ik, 78 OLED #%
PGS R R, SR RE R A9 AL BRI TTO B
e s ZERAE PR 7 A i /N HLHR P N 5 2 42 i )
B MU RLZ R TLTF-AH ). 7 BRAR 2 A% 150 F Bk
PE AR S A HLIZE U AN 284 P S L B 0 A 7= A 5
). #8498 A ML) RN S B A5 FAE R L DU R i 2%
PR BE AR ) R L R, B & OLED #8344
(AR R T, B R HAAUN X OLED g4 M RE 1Y
SO T L I B A 1) OLED 7 L R {8
AHUZE FRNERE KRG A AR 4 B B M. B 5%
S5 BTl OLED 280F PR B, i H B A 1R 47
{14 7 FH RT3

S 30K :

[1] GARDITZ C, WINNACKER A, SCHINDLER F, et
al. Impact of Joule heating on the brightness homoge-
neity of organic light emitting devices [ ]J]. Applied
Physics Letters, 2007, 90(10):103506.

[2] KIM ], LEE H H. Wave formation by heating in thin

[3]

[4]

[5]

[6]

7]

(8]

metal film on an elastomer[ J]. Journal of Polymer Sci-
ence:Part B, 2001,39(11):1122-1128.

TESSLER N, HARRISON N T, THOMAS D S, et
al. Current heating in polymer light emitting diodes
[J]. Applied Physics Letters, 1998,73(6):732-734.
ZHOU X, HE J, LIAO L S, et al. Real-time observa-
tion of temperature rise and thermal breakdown
processes in organic LLEDs using an IR imaging and
analysis system[ J ]. Advanced Material, 2000,12(4):
265-269.

ZHAO Y, LIUS Y, HOU ]J Y. Effect of LiF buffer
layer on the performance of organic electroluminescent
devices[ J]. Thin Solid Films, 2001, 397(1/2):208-
210.

STURM J C, WILSON W, IODICE M. Thermal
effects and scaling in organic light-emitting flat-panel
displays[J]. IEEE Journal of Selected Topics in Quan-
tum Electronics,1998,4(1) . 75-82.

BOROUMAND F A, HAMMICHE A, HILL G.
Characterizing Joule heating in polymer light-emitting
diodes using a scanning thermal microscope[ J]. Ad-
vanced Materials, 2004,16(3):252-256.

. AR IM]. JUET S SR L . 2002,

(G AHFH)



